Abstract -We analyzed stable isotopes of carbon and nitrogen to investigate the trophic structure of the subtidal food web around the Mingan Islands, northern Gulf of St. Lawrence, eastern Canada. All benthic consumers were enriched in 13 C (mean δ 13 C of -17.1% ) compared to particulate organic matter (POM: -23.3% ). Nitrogen stable isotope ratios ranged from 6% to 14% and the organisms studied fell into three distinct trophic groups, primary producers, primary consumers (herbivores), and predators. The sea star Crossaster papposus and the sculpin Myoxocephalus scorpius, known to be top level predators, had slightly higher δ 15 N than other predators. Although the average isotope signature of the sea star Solaster endeca placed it among regular predators, the δ 15 N increased with sea star size and large individuals could be considered as top predators. The relatively small number of organisms located at intermediate trophic levels suggests a low level of omnivory in the Mingan Islands' system, which contrasts with previously described benthic systems that exhibit a continuum between herbivores and predators. Low omnivory, in addition to low diversity, suggests that this ecosystem may be relatively unstable if exposed to natural and/or anthropogenic disturbances such as exploitation and climate change.
Introduction
Past research using stable isotopes to analyze temperate and Arctic nearshore food webs report (1) that benthic consumers almost always have a stable carbon isotope ratio enriched in 13 C compared to the phytoplankton δ 13 C and (2) that the various consumer species are distributed roughly evenly a Corresponding author: marc.nadon@gmail.com along a trophic continuum spanning 3 or 4 trophic levels (i.e. few species located between trophic levels) (Fry 1988; Hobson and Welch 1992; Kaehler et al. 2000; Dunton 2001 ; Lesage et al. 2001; Fredriksen 2003) . The first observation is usually interpreted as indicating the major importance of kelp detritus and microphytobenthos (e.g., benthic diatoms) as food sources for benthic consumers, since these primary producers have a stable carbon isotope ratio that is relatively enriched in 13 C. We recently questioned this interpretation as benthic
Article published by EDP Sciences 168 M.-O. Nadon and J.H. Himmelman: Aquat. Living Resour. 23, 167-176 (2010) consumers are always enriched in 13 C, even when individuals are located at sites far removed from benthic algae (Nadon and Himmelman 2006) . The second point, an even distribution of consumers along the trophic gradient, is interesting as it suggests a high level of omnivory (i.e. consumers feeding on prey at different trophic levels) in benthic systems (if differences in δ 15 N enrichment among different organisms are taken into account). The long-standing view among ecologists was that omnivory destabilizes food webs, and thus should be relatively rare in nature (Pimm 1982) . However, more in-depth analyses of food webs have shown that omnivores are actually quite common (Diehl 1993) , and theoretical works suggest that omnivory is a stabilizing factor in food webs (McCann and Hastings 1997; Emmerson and Yearsley 2004) .
In recent years, the analysis of naturally occurring stable isotopes of carbon ( 13 C/ 12 C) and nitrogen ( 15 N/ 14 N) has contributed to our understanding of energy transfers in marine ecosystems, especially at lower trophic levels where the flow of energy from primary producers to consumers is often difficult to evaluate using traditional methods (e.g., stomach contents). Different types of aquatic primary producers (e.g., phytoplankton vs. benthic algae) typically have well separated stable carbon isotope ratios which are conserved in their respective consumers, although with a slight (0.5-1.6% ) enrichment (i.e., an increase in the concentration of heavy isotopes) (Vander Zanden and Rasmussen 2001; McCutchan et al. 2003; Vanderklift and Ponsard 2003; Caut et al. 2009 ). Nitrogen stable isotope ratios are typically more similar among marine primary producers but are enriched by about 2-4% with each increase in trophic level (Vanderklift and Ponsard 2003; Caut et al. 2009 ). For this reason, carbon stable isotope ratios are typically used to determine the sources of primary production whereas nitrogen stable isotope ratios are more often used to investigate the trophic levels of organisms. Together, the two stable isotope ratios provide an effective tool in food web studies.
The goal of the present study is to analyze the stable isotope ratios (carbon and nitrogen) of benthic organisms to investigate the trophic structure of the rocky subtidal food web around the Mingan Islands in the northern Gulf of St. Lawrence, eastern Canada. We used the isotope signatures first to identify the trophic level of common benthic organisms and secondly to examine the general distribution of organisms along the trophic level gradient. Numerous reports have described the subtidal community in the Mingan Islands but these studies have focused on the role of the major consumers in the system (e.g., urchins, ophiuroids, sea stars, whelks) (Himmelman and Dutil 1991; Rochette et al. 1995; Gaymer et al. 2001; Drolet et al. 2004; Gagnon et al. 2004 ). The knowledge of this system acquired from the past studies constitutes an interesting framework from which to explore relationships indicated by the stable isotope ratios.
Materials and methods

Study area
Our study sites, located around the Mingan Islands in the northern Gulf of St. Lawrence (Fig. 1) , are relatively protected from high wave energy due to the islands themselves and because of a large island (Anticosti Island) located 50 km to the south. The water in the region is unusually cold for this gulf, averaging only about 7
• C during summer. The cold water around these islands is due to intense vertical mixing by wind and tide, and makes this region representative of subarctic ecosystems at higher latitude. The subtidal area consists of two distinct zones (Himmelman 1991) , (1) a macroalgal fringe, composed mainly of the fast growing kelp species Alaria esculenta and Laminaria digitata, in shallow water, and (2) extensive urchin barrens in deeper water. The density of the urchin, Strongylocentrotus droebachiensis, exceeds 100 individuals m −2 on most rocky surfaces. The lower limit of the macroalgal fringe is determined by the grazing of aggregations of large urchins at the lower edge of the fringe (Himmelman et al. 1983) . The fringe extends to the greatest depths (∼5 m) at exposed sites where wave action deters urchin grazing, but disappears completely at very sheltered sites, where urchins graze up into the intertidal zone (Himmelman 1991; Gagnon et al. 2004) . The grazing resistant phaeophyte Agarum cribrosum occurs in patches on the upper barrens (down to 10-20 m), and individuals occasionally occur down to 30 m. On sandy bottoms, benthic microalgae form a thin but visible brown layer down to about 30 m ( MO Nadon, unpubl. data) . The main invertebrates within the barrens are a variety of suspension and deposit feeders, particularly sea cucumbers (e.g., Cucumaria frondosa), the soft coral, Gersemia rubiformis, and sponges. Also, bivalves (e.g., Mya truncata, Chlamys islandica) are abundant on soft bottoms and ophiuroids (e.g., Ophiopholis aculeata) occur in high densities on most rocky surfaces, particularly on vertical walls (Drolet et al. 2004 ). Grazers of algal films and coralline algae such as chitons (Tonicella marmorea) and limpets (Jenkins et al. 2001; Latyshev et al. 2004) are common on rocky surfaces. Four guilds of macropredators characterize this subtidal system (Himmelman 1991) : (1) four sea stars (Leptasterias polaris, Asterias vulgaris, Crossaster papposus, and Solaster endeca), (2) the whelk Buccinum undatum (which is often a kleptoparasite) (3) two crabs (Cancer irroratus and Hyas araneus) and (4) fishes, the most conspicuous being the sculpin Myoxocephalus scorpius. Other predators may include sea birds (ex. several gull species), although these typically feed in the more accessible intertidal zone. The lobster Homarus americanus and the cunner Tautoglaborous americanus, important predators in communities further south, are absent in the cold waters of the Mingan Islands. Grey and harbor seals are relatively rare in the region and are mostly transients.
Sampling
Samples for isotopic analysis were collected from June to August in 2003. A few additional samples were also collected during the same months in 2004 (e.g., benthic microalgae, additional phytoplankton and sea urchin samples). We previously described our sampling of particulate organic matter (POM; Nadon and Himmelman 2006) . In short, POM samples were obtained by pre-filtering up to 40 L of water through a 64-μm mesh screen and then onto either 5-or 10-μm Nitex mesh. The material remaining on the 5-or 10-μm screens, representing 5-64 μm and 10-64 μm size fractions, respectively, were collected and dried. For certain samples, a smaller size fraction (0.7-10 μm) was collected using GF/F filters in order to obtain stable isotope ratios for different parts of the POM. Water samples were collected at the surface and at a depth of 20 m at well separated sites haphazardly located at various distances from shore ( Fig. 1) and at different time periods in both 2003 and 2004. We dived at three nearshore sites (separated by at least 5 km) to sample the common benthic organisms (Fig. 1) and at least three individuals of each species were collected at each site. For most animals we took samples of the muscle tissues, but we sampled the podia of sea stars, the tunic of ascidians and whole body of sponges. Macroalgae samples were collected at both exposed and protected sites, and whole fronds were subsequently grounded up and then subsampled. We used syringes to collect samples of mats of benthic microalgae that were covering sediment bottoms. The samples were first filtered though a 64-μm mesh filter (to limit the amount of inorganic particles) and then though a 5-μm mesh filter, so that the filtrate was in the 5-64 μm size fraction. Within a few hours following collection, all plant and animal samples were dried at 60
• C for a minimum of 24 h. The rocky subtidal zones of the northern Gulf of St. Lawrence have relatively simple marine communities and the organisms collected during this study represent the vast majority of those present, with few omissions.
Sample analysis
We exposed POM and benthic microalgae samples to HCl fumes for 24 h prior to analyses to remove traces of carbonate. Also, we immersed the samples of sea star podia and urchin jaw muscle in a 2 N HCl solution to remove calcium carbonate particles. Samples were not defatted since only organs with low fat concentration were analyzed. Stable isotope samples were analyzed in an isotope mass ratio spectrometer (Fisons Instruments, model VG Prism Isotech) at the Commission Géologique du Canada laboratory in Quebec City. Stable isotope ratios were expressed in δ notation as parts per thousand (% ) using the standard definition:
where X is 13 C or 15 N and R is the corresponding ratio 13 C/ 12 C or 15 N/ 14 N. Pee Dee Belemnite was the standard for δ 13 C and atmospheric N 2 for δ 15 N. Replicates of internal standards showed that analytical errors were in the order of ±0.2% for both carbon and nitrogen.
We explored a variety of approaches in calculating the trophic levels (TL) of predators. As suggested by Vander Zanden and Rasmussen (2001), we used the primary consumers as the baseline for predator TL calculations using the following formula:
where the baseline is the average nitrogen isotope value of primary consumers and Δ 15 N is the trophic discrimination factor for nitrogen. Typical discrimination factors used in past studies are around 3.4% (Minagawa and Wada 1984) . One problem with using a fixed value for Δ 15 N is that nitrogen discrimination factors between consumers and their diets can vary substantially among consumer groups, mainly in relation to the biochemical form of nitrogen extraction of the consumers and the diet nutritional status (Vanderklift and Ponsard 2003) . This shows that nitrogen discrimination factors need to be selected carefully for each consumer group when attempting to rebuild trophic relationships using stable isotopes. This can be difficult considering the relative paucity of controlled feeding experiments for certain taxonomic groups and the resulting lack of taxon-specific discrimination factors. To alleviate this issue, Caut et al. (2009) exploited the known linear relationship between diet δ 15 N and discrimination factors to develop equations that provide discrimination factors by taxonomic group and tissue sampled. Two of these equations are of interest to us, the ones for whole-body invertebrates and fish muscles: Whole-body invertebrate:
Fish muscle:
where Δ 15 N is the discrimination factor between diet and consumers. These Δ 15 N may replace a standard discrimination factor (e.g., 3.4% ) in Equation (1), if judged more appropriate.
We used primary consumers as a baseline for trophic calculations because primary producer δ 15 N were slightly scattered (see Results section) and because of the uncertainties in associating various primary consumers with their specific diets (Nadon and Himmelman 2006; Caut et al. 2009 ). We did not attempt to measure the percent carbon originating from different benthic primary producers (as done in many food web studies) given the doubts raised in our accompanying study (Nadon and Himmelman 2006) about the interpretation that enriched δ 13 C in consumers is due to feeding on enriched benthic algae.
Results
Primary producers
Our detailed results on the stable isotope ratios of particulate organic matter (POM) were reported in our previous study (Nadon and Himmelman 2006) . In brief, we did not detect any significant variation related to size fraction, time period, depth or distance from shore in both δ 13 C and δ 15 N for POM, which suggests that POM was mostly composed of phytoplankton or phytoplankton-derived material. The average POM ratio (n = 20) was -23.3% for δ 13 C and 8.1% for δ 15 N. The three kelp species analyzed, the fast-growing fringe kelps Alaria esculenta and Laminaria digitata, and the grazerresistant Agarum cribrosum from somewhat deeper water, had well separated δ 13 C, -22.7% , -18.9% and -15.9% , respectively (i.e., no overlapping 95% confidence intervals); and similar δ 15 N, 6.0% , 6.7% and 6.8% , respectively (Table 1 ). The kelp δ 13 C showed high variability both within (mean SD = 1.3) and among sites (mean SD = 1.5). Finally, the δ 13 C for benthic microalgae was -19.4% (SD = 0.2) and the δ 15 N 6.0% (0.2). The overall average δ 15 N of primary producers was 6.7 ± 0.9% .
Consumers
For every consumer species, we pooled the samples collected at different sites because no differences were detected amongst individuals from various sites (ANOVA; p > 0.05). Most of the consumers studied had similar within-species δ 13 C and δ 15 N, which is reflected by their small 95% confidence intervals (an exception was Solaster endeca, as discussed below). The benthic consumers at all three sites were highly enriched in 13 C (Fig. 2) , with δ 13 C closer to those of benthic microalgae and the two fast growing kelps (A. esculenta and L. digitata) than to that of POM. However, values tending more towards values for POM were obtained for three consumers, the sponge Haliclona oculata (-20.6% ), the ascidian Halocynthia pyriformis (-20.1% ) and the sea anemone Metridium senile (-19.6% ). The soft coral Gersemia rubiformis was located halfway between the POM and Laminaria digitata δ 13 C. Overall, the benthic organism stable isotope ratios showed a coherent food web structure, with all ratios falling within the boundaries delimited by the primary producers. Almost all ratios fell into three distinct trophic levels, primary producers (trophic level = 1), primary consumers (2) and predators (3) (Fig. 2) . The δ 15 N values of the different primary producers were moderately separated, as δ 15 N was 8.1% for POM, 6% for benthic microalgae, and the kelp ratios were intermediate between these values. Thus, there was no clear reference point for benthic primary producers which could be used for calculations of the trophic levels of the animals. Although some of the δ 15 N values of primary consumers were slightly scattered (e.g., Haliclona oculata sponge), most of the main primary consumer values fell relatively close to a single level (average of 8.3 ± 1.0% ). The average predator δ 15 N value was about 3.2% above the primary consumers. There were two predators which fell clearly above the third trophic level, the benthic fish Myoxocephalus scorpius and the sea star Crossaster papposus.
For most animals, variability in the δ 15 N was low (standard deviations < 1% ), although the sea star Solaster endeca exhibited considerable variability (SD ∼ 2% ). Most of the variation in two sea stars, Solaster endeca and Leptasterias polaris, was related to animal size (Fig. 3) . Linear regressions of the δ 15 N to sea star diameter showed that size explained 71% of the variation for S. endeca (F 1,4 = 9.7, r 2 = 0.71, p = 0.04) and 76% of the variation for L. polaris (F 1,7 = 21.9, r 2 = 0.76, p = 0.002) (Fig. 3) . The other organisms did not show significant variation in stable isotope ratio related to size. In many cases, this may simply reflect the limited size range sampled.
The jaw muscles of the sea urchin Strongylocentrotus droebachiensis exhibited some unexpectedly elevated δ 13 C (−13.4% ). Conversely, the δ 15 N of the sea urchin gonads where fairly low (6.0% ). The average carbon and nitrogen stable isotope ratios of these two organs were taken for Figure 2. 
Discussion
Our analysis showed three distinct trophic groups in the benthic community of the Mingan Islands, primary producers, primary consumers, and predators. A few organisms were located at a slightly higher level than the main group of predators and could be considered as top predators.
One important caveat to our study is the limited seasonal sampling period. Most organisms were collected during the summer months of 2003 (with a few extra individuals and/or species in 2004) due to logistical constraints. Since muscle tissue turnover rate in larger animals is between 1 and 3 months, the δ 13 C values in the current study represent late springearly summer diets (Tieszen et al. 1983; Riera and Richard 1997; Schaal et al. 2010 ). The main difference between winter and summer months in this ecosystem is the reduced availability of primary producers (kelp, microphytobenthos, and phytoplankton) due to reduced light intensity and expansive ice coverage. This may lead certain grazers, such as the green sea urchin, towards a more scavenger or predatory diet. Aside from these changes, we do not see a clear reason why other predators would drastically change their prey selection in the winter months.
The C and N stable isotope ratios for particulate organic matter in our study were close to the previously published values for the Gulf of St. Lawrence (Tan and Strain 1979; Martineau et al. 2004 ). The isotope values from the three kelp species were also similar to previously reported ratios (Stephenson et al. 1986; Fredriksen 2003) , and showed a similar high variability. This variability is partly explained by the uneven storage of compounds with different stable isotope ratios within the plants (Stephenson et al. 1984) . In addition, variations in water turbulence at different sites sampled probably affected the thickness of the boundary layer over kelp Table 1 . Mean isotopic ratios (± 95% confidence interval) for plants and animals collected at specific depths in the Mingan Islands, and the trophic level (T L) of predators as calculated based on the mean δ 15 N of primary consumers and Equation (1). Equation (3) was used to obtain Δ 15 N (see methods). A = autotrophs and PC = primary consumers. Figure 2 codes are also presented. Figure 2 is the average for both organs.
Samples
fronds, which in turn would have affected how fast light carbon molecules become depleted (Simenstad et al. 1993) . The slower growth rate of the grazer-resistant kelp Agarum cribrosum may explain why its δ 13 C was close to POM as its capacity to deplete light carbon molecules in its boundary layer may have been limited.
Primary consumers
In our study, we observed an enrichment of 2.1% between the average δ 15 N of primary producers and primary consumers. As mentioned in the Methods section, we did not attempt to calculate the precise trophic levels of primary consumers because of the relatively wide range of primary producer δ 15 N and the uncertainties in associating certain primary consumers, such as filter-feeders, with their respective diet (Nadon and Himmelman 2006) .
The suspension and deposit feeders in our study (bivalves, sea cucumbers, soft corals, ascidians and sponges) had enriched δ 13 C relative to POM and this is typically interpreted as indicating a strong dependence on benthic primary producers (kelp detritus and benthic microalgae) as a food source. Since fast-growing kelp species and benthic microalgae are limited to shallow depths (by sea urchins grazing and light penetration) one would expect increased use of phytoplankton, and thus a decrease in δ 13 C values, for benthic consumers living further offshore. In our companion study, we investigated this hypothesis and found no evidence, either in our field measurements or in a review of values in the literature, of a change in δ 13 C in benthic consumers related to distance from benthic producers, even to great depths (e.g., >1000 m; Nadon and Himmelman 2006) . Thus, we cannot evaluate the importance of benthic primary producers for nearshore suspension and deposit feeders in the northern Gulf of St. Lawrence. Other factors, such as the selective feeding on enriched carbon particles, could explain the heavy carbon found in these organisms, although this remains to be investigated. This was also recently suggested by van Oevelen et al. (2009) . Studies combining stable isotope measurements with other methods will be needed to resolve this issue (i.e., HLPC pigment measurements, gut content analyses, isotope labeling). A promising approach combining DNA sequencing, microarrays, and stable isotope analysis is used in Hardy et al. (2010) .
The jaw muscle tissues of the sea urchin Strongylocentrotus droebachiensis had a very heavy δ 13 C that could not be explained by their main diet, kelp (Himmelman and Steele 1971; Himmelman 1991) , and was different from values reported in other studies, which were usually similar to kelp.
For example, the δ 13 C for S. droebachiensis (from unspecified organs) in Nova Scotia, Canada, was similar to kelp ratios (Stephenson et al. 1986 ). Also, the stable isotope ratios of carbon and nitrogen for jaw muscle tissues of the Chilean urchin Tetrapygus niger were only 1% enriched compared to kelp (Rodriguez 2003) . Our analysis of gonadal tissues of S. droebachiensis gave lighter, more reasonable δ 13 C, but this was likely because lighter isotopes are more abundant in the gonads because of their high lipid content. Yatsuya and Nakahara (2004) showed a 2.5% increase in the δ 13 C between the gonad and gut contents for the Japanese urchin Anthocidaris crassispina. A reduction by 2.5% of the δ 13 C we obtained for the gonad of S. droebachiensis would give a value close to that of kelp (-16.3% ). The explanation for the enriched δ 13 C for jaw muscles in our study is unclear. Possibly sea urchins were feeding on a food source which we did not analyze but which contained heavier δ 13 C than kelp (e.g., coralline algae) or that there is some anomaly in the jaw muscles of the urchin in our area. Although we did not analyze the stable isotope composition of coralline algae, and could not find measurements for coralline algae in the literature, chitons, which are known to feed on coralline algae (Latyshev et al. 2004) , did not have a particularly enriched δ 13 C (-15.5% for Tonicella marmorea). Another surprising observation in our study was that sea urchin δ 15 N (for both the muscles and gonads) fell slightly below the herbivore level. This was not expected given that sea urchins also occasionally feed on animal tissue (Himmelman and Steele 1971) . Our nitrogen values suggest that animal tissues are not an important component of the diet of urchins. The study of Hobson and Welch (1992) in the high Arctic also found that the δ 15 N of S. droebachiensis clearly placed it as a herbivore.
Little is known about the gastropod Aporrhais occidentalis that is exclusively found on sand and mud slopes below the rock zone. We have never seen it feeding on drift macroalgae or animal tissues. Perron (1978) indicates that it feeds on benthic microalgal films and this appears to be confirmed by its stable isotope ratio which places it amongst herbivores, with a δ 13 C close to that of benthic microalgae.
Predators
We observed an average enrichment of 3.2% between primary consumers and predators. This value is very close to the discrimination factor of 3.4% suggested in Equation (1) (Minagawa and Wada 1984) . This indicates that this value is appropriate to calculate the trophic level of the predators in the current study. Alternatively, we also evaluated the dietdependent discrimination factor approach described in Caut et al. (2009) . We tried both the whole-body invertebrate and fish muscle formulas in order to obtain potentially more appropriate discrimination factors (see Methods section). The invertebrate formula (Eq. (2)) gave unrealistic nitrogen discrimination factors when applied to the invertebrate predators in this study. This equation provided a relatively low nitrogen discrimination factor of 1.4% for these predators, which, when used in Equation (1), gave an unlikely average predator trophic level of 4.7. However, the fish muscle formula (Eq. (3)) provided a discrimination factor of 3.5% , which is much closer to the average enrichment found in this study between predators and preys (3.2% ). For this reason, we used Equation (2) to calculate the discrimination factor and average trophic level of predators in this system (Table 1) . One potential explanation for the inappropriateness of Equation (2) is that only wholebody invertebrate δ 15 N were measured in the controlled feeding experiments from which this equation is derived. If feeding experiments measuring invertebrate muscle δ 15 N were available, it is likely that that a discrimination factor formula close to the fish muscle formula (Eq. (3)) would be derived, as suggested by the results in the current study. For this reason, we suggest using the fish muscle formula to obtain discrimination factors for invertebrate muscle tissue (Caut et al. 2009 ).
The whelk Buccinum undatum is the most abundant carnivore in the Mingan Islands. Until recently, it was not clear which food sources were supporting the high densities of whelks, since these animals are rarely seen feeding and stomach analyses usually revealed empty stomachs or sometimes unrecognizable materials (Himmelman and Hamel 1993) . Rochette et al. (1995) indicate that bivalve tissues stolen from feeding sea stars Lepasterias polaris represent a substantial portion of the diet of adult whelks. The stable isotope ratio of B. undatum lends support to this hypothesis since their stable isotope ratio fell in the predators/scavengers group (T L = 3.1) and close to the δ 13 C for bivalves. The northern red sea anemone Tealia felina commonly feeds on detached macroinvertebrates, most often urchins, and it is most abundant in depressions and at the base of vertical faces where the probability of encountering dislodged animals is increased (JHH, pers. observ.). Its elevated δ 15 N, placing it high in the main predator group (T L = 3.1), suggests that it may be feeding on carnivores (e.g., whelks and crabs) as well as on herbivores. The much lighter δ 13 C of the sea anemone Metridium senile compared to other predators is probably because this anemone, with its fine tentacles, mainly feeds on pelagic organisms, such as zooplankton (Sebens and Koehl 1984) , which typically have δ 13 C close to phytoplankton in oceanic systems (Martineau et al. 2004 ). The three crabs in our study, Hyas araneus, Cancer irroratus and the hermit crab Pagurus acadianus, were clearly positioned at the level of carnivores (TL equal to 2.9, 3.1, and 2.7, respectively). This is somewhat surprising for C. irroratus and H. araneus as stomach analyses by Bérubé (1989) show that both crabs commonly ingest algae (algae represent 10% of the average stomach content of C. irroratus and 5% for H. araneus). The isotope data suggest that ingested algae contribute little to tissue growth in these species. As hermit crabs are scavengers, the position of P. acadianus within the predator group is not surprising. The small fish Stichaeus punctatus (Arctic shanny) has a diet of mainly amphipods (∼65% of diet), complemented by a mix of polychaetes and caridean shrimps (Thomas 1988) . As amphipods have a δ 13 C of -16.5% , the ratio of S. punctatus (-17.3% ) seems to reflect its diet.
The stable isotope ratio of the sea star Asterias vulgaris positioned it amongst the main predator group (T L = 3.0), reflecting its diet of bivalves and sea urchins as inferred from feeding observation studies (Dutil et al. 2004 ). The trophic level of the polar sea star Lepasterias polaris varied significantly with size, although none of the individuals analyzed fell much higher than the predator level. We expected a higher trophic position for L. polaris, as previous feeding studies showed that large individuals (diameter > 20 cm) commonly feed on predatory whelks (between 9 and 20% of diet) in addition to its mostly bivalve diet (Himmelman 1991; Rochette et al. 1995) .
Two predators had heavier δ 15 N than the main group of predators. One was the sea star Crossaster papposus (T L = 3.6), which mainly feeds on green sea urchins and sand dollars (50% of its diet) and is also an important predator of sea stars, including conspecifics (Himmelman 1991; Dutil et al. 2004) . The other was the shorthorn sculpin Myoxocephalus scorpius (T L = 3.5). The sculpin mainly feeds on capelin (Mallotus villosus) and its diet also includes predatory crabs (Thomas 1988) ; thus, its diet is consistent with the observed enriched δ 15 N. Surprisingly, the average stable isotope signature of the sea star Solaster endeca did not classify it among the top predators, even though feeding observations show that it occasionally feeds on other sea stars (∼10% of feeding observations for large individuals), with its main diet of sea cucumbers (Himmelman 1991; Dutil et al. 2004 ). Nevertheless, larger individuals had significantly higher δ 15 N, suggesting an ontogenetic shift to feeding at a higher trophic level. Thus, large S. endeca (diameter > 25 cm) should also be considered as top predators.
The correlation between size and trophic level (as indicated by the δ 15 N), which was revealed in two species of sea stars (L. polaris and S. endeca), even though very small individuals were not examined, indicated that the isotope technique is a potentially powerful tool for studying ontogenetic shifts in diet for invertebrates. Such shifts have previously been documented in fishes using this method (Deudero et al. 2004 ). For many species (e.g., sea stars, whelks, crabs), the food resources used by small individuals is hard to determine, because they are cryptic and more difficult to find or because it is more difficult to dissect than small individuals. In such cases, isotope analyses would be a very useful tool for detecting situations where shifts in diet occur.
General food web structure
The subtidal food webs in the northern Gulf of St. Lawrence have a fairly low species richness and a low level of omnivory, as suggested by the small number of organisms located in-between the three main trophic levels (i.e. organisms feeding on prey from more than one trophic level). Both of these observations can have profound effects on the stability of this ecosystem, especially in the face of human exploitation as well as the ongoing changes to the Earth's climate and its impacts on nearshore systems (e.g., increased sea temperature, increased wave energy, decreased winter ice coverage, rising sea level, increased ocean acidification, etc.). Diversity and omnivory can affect the stability of an ecosystem in several ways. First, low diversity systems are usually less stable due to a lower functional redundancy (e.g., species capable of compensating the decline in an ecosystem function caused by the loss of another species). Furthermore, higher diversity increases the chances that a community contains species that are capable of adapting to a new environment, thus insuring the persistence of this community (McCann 2000) . Finally, the distribution of interaction strengths in low diversity communities is typically skewed towards a few strong ones, as opposed to numerous weak ones in diverse systems. This has been suggested to make communities more prone to invasions and other destabilizing forces (McCann 2000) .
Simulation studies have shown that weak omnivorous links enhance community stability and persistence by dampening the oscillations between consumers and producers (McCann and Hastings 1997; Emmerson and Yearsley 2004; Namba et al. 2008 , although see (Tanabe and Namba 2005) . Weak omnivorous links can be seen as consumers complementing their main diet with occasional preys located at a different trophic level than their main diet (ex. intraguild predation of the whelk B. undulatum by large L. polaris sea stars, consumption of macroalgae by crabs, scavenging S. centrotus sea urchins). The low level of omnivory found in the current system contrasts with the general pattern reported by previous studies of temperate and polar benthic systems, which show a continuum in organisms from the level of herbivores through to the level of predators and higher order predators (Hobson and Welch 1992; Kaehler et al. 2000; Dunton 2001; Fredriksen 2003) . This apparent trophic continuum may be due to variable nitrogen discrimination factors among organisms in these studies which may cause two species with different δ 15 N to be classified at different trophic levels, even when it is not the case. A better understanding of nitrogen discrimination factors through more feeding experiment may help clarify this issue, along with innovative approaches based on diet δ 15 N (Caut et al. 2009 ).
